An artificial neural multi-layer network has been developed for predicting the mass transfer coefficients in the liquid and gas phases for the gas absorption (CO2) from the air using an absorbent -water. For the development of neural network the unobservable parameters of the packed absorber were calculated. The obtained results can be used to model an extensive class of chemical engineering processes with the possibility of formalizing the calculation procedures.
The approaches to solving the applied problems of chemical technology evolve at the level of understanding the principles of the computation process organization. If the traditional methods are the operations with numbers and symbols, specialized in any specific algorithm, then the neural network modeling, a direction for the development of computational mathematics, operates with nonformalized algorithms, which are found by the neural networks. The growing importance of neural network modeling is due to the growing level of complexity of the modern chemical-technological systems and the need for the detailed mathematical description [1] [2] [3] .
The research related to the use of neural networks for solving the applied problems is being conducted in various scientific areas. In chemistry, physical chemistry and chemical technology, the artificial neural networks are most often used for prediction [4] [5] [6] [7] , modeling [8, 9] , control and decision making [10] , also for data analysis [11, 12] , classification [13] and optimization [14, 15] .
The neural network approach in solving the problems has advantages in the following cases: 1) there is no problem formalization, since it contains the elements of uncertainty; 2) the problem formalization is present, but there is no mathematical apparatus for its solution; 3) the problem formalization is present, the mathematical apparatus is present, but its implementation is laborious and leads to a simplification of the algorithms and reduces the quality of solutions. The purpose of this study is to develop an artificial neural multi-layer network of direct distribution, which will determine the mass transfer coefficients in the liquid and gas phases (as an example of the process of gas absorption (CO2) from the air by the absorbent -water).
The unobservable parameters of the packed absorber were calculated. The developed neural network calculates the mass transfer coefficients for the gas and liquid phases when the device operates in a stationary mode.
For the implementation of an artificial neural network, the AForge.NET framework was chosen when calculating the mass transfer coefficients. For training and testing of neural networks, the sets of training and testing pairs of vectors are formed, to define input and output variables (table 1). The training and test data samples were compiled from the experimental data. The neural network training is more effective when normalization of input and output variables is performed, which was done before the start of the training process. The normally distributed random numbers in the range from 0 to 1 were chosen as the normalized variables of the input variables.
The architecture of an artificial neural network is as follows: the network will have five neurons in the input layer, ten in the hidden layer and two in the output layer (network 5-10-2) ( Figure 1 ). The optimal number of neurons in the hidden layer is determined by the formula [16] , which is equal to 11, therefore, in table 3, their number closest to the optimum is equal to 10. For network training, the results were set at a relative error of 0.5%. The weight coefficients are presented in table 3,4. In order to select the architecture of an artificial neural network, the deviations of the calculated values of the mass transfer coefficients of the gas and liquid phases from the experimental values were determined (table 5) . The most optimal architecture of an artificial neural network is the architecture 5-10-2, which gives the smallest deviation in ßl, ßg. Table 5 . Input and output parameters of the neural network.
Architecture
Error ßg Error The test adequacy of the neural network to the experiment is checked using the Fisher test, since it is assumed that the dispersions for the mass transfer coefficients are independent. After training, the responses of the neural network to the testing effects, which were used to test the adequacy of the neural network to the experiment, were calculated. The artificial neural network was implemented in the C# language in the Visual Studio development environment using the A Forge Neuro library. In the course of work, a full-fledged Windows Forms application was created. The functions of loading the training sample from a file, setting the required accuracy of training, and entering the vector to obtain the results of the neural network were performed in it. .
The keyboard input was verified, while the user had the opportunity to enter only numbers and separator symbols, and the points were automatically replaced with binary commas for the convenience of data recording in the program. An interface was also implemented for calculating the theoretical values of the mass transfer coefficients using known algorithms [17] .
An application for predicting the mass transfer coefficients of the absorption process using artificial neural networks has been developed. The training and test network samples were compiled using experimental data, and the responses of the neural network were obtained. Thus, using the multilayer neural networks, a neural model of interaction between the technological factors and process intensity indices was developed.
